INTRODUCTION
Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is a procedure that was first described by Vilmann et al. 1 in 1992. It is useful in the pathological diagnosis of neoplastic lesions such as pancreatic tumors, gastrointestinal submucosal tumors, and lymph node lesions. Its diagnostic yield is high, as exemplified by sensitivity of 64% to 95%, specificity of 75% to 100%, and rate of correct diagnosis of 75% to 95% reported for pancreatic tumors. [2] [3] [4] Complications of the procedure include bleeding, perforation, pancreatitis, and infection, but their frequencies are low, and thus, EUS-FNA is recognized as a safe procedure. 5 In addition to efficacy and safety, the procedure is minimally invasive and is therefore supported around the world, gaining popularity within a short period of time since its development. On the other hand, various measures have been adapted to further increase its capacity in generating a correct diagnosis, such as improving the procedure and devices and processing pathological samples. Recently, the core biopsy needle (EchoTip® ProCore TM ; Cook Medical Inc., Bloomington, IN, USA) was developed with the aim of enabling effective tissue sampling using a few punctures by improving sample quality and quantity. In contrast to the conventional needles (standard needle, SN), this core biopsy needle has a side hole called "Core Trap," and the tissue is scraped off the needle using the side hole when it is pulled by hand, instead of collecting the sample from the tip of the needle. In this study, we investigated the factors that affect the diagnostic yield of the ProCore TM needle (PN) in addition to its usefulness and safety.
MATERIALS AND METHODS
A retrospective analysis was conducted in 76 consecutive patients who underwent EUS-FNA with PN for neoplastic lesions at our hospital between January and December in 2013. A linear-array echoendoscope, GF-UCT260, with EU-ME1 processor (Olympus Medical Systems Corp., Tokyo, Japan) was used. With regard to the choice of puncture needle size at our hospital, 19-gauge is generally used because we believe that collection of larger samples reduces the burden on pathologists and increases This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
the chances of generating a correct diagnosis. Nevertheless, a 22-gauge needle was selected when the manuaverability of the needle was poor because of the puncture site. The puncture procedure was done as follows: after visualizing the lesion by ultrasound, color Doppler imaging was conducted to confirm that there were no intervening blood vessels, and the puncture was performed. After puncturing the lesion, the stylet was removed and 10 mL-syringe was attached to the puncture needle. A negative pressure of 10 mL was created, and the tissue was collected by performing 10 to 15 strokes within the lesion. To take advantage of the characteristics of PN designed to scrape off the tissue from the side hole while simultaneously preventing contamination from this hole, an effort was made to keep the side hole within the lesion. After removing the puncture needle from the endoscope, the stylet was again inserted into the puncture needle and the sample was pushed onto a glass slide. Since rapid on-site cytological examina tion is not available at our hospital, the puncture was repeated up to 4 times when the volume of the collected sample was considered insufficient macroscopically. With regard to sample processing, precisely cut fragments from the collected sample were placed in a formalin bottle and lined up in parallel to form a plane as uniform as possible. A paraffin block of the sample was then prepared and histologically assessed. The remaining liquid components and small tissue fragments were collected with a dropper and placed in a spitz tube, and a centrifugal smear was prepared using the autosmear method and assessed by cytologic diagnosis.
For the patients who underwent surgery, the final pathological diagnosis was confirmed by the examination of the resected specimet. For those who did not underwent surgery, the final diagnosis was made after follow-up for at least 6 months.
The primary outcome of the present study was correct diagnosis. Also, the sample collection rate, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were evaluated. In addition, the number of needle passes required to reach a diagnosis, the percentage of tissues that could be histologically diagnosed, and the incidence of complications were assessed. Puncture needle size, puncture route, number of passes, location of lesions, and size of lesions were investigated as factors that affect correct diagnosis. Size of lesions was classified as follows: ≤20 mm, 21-25 mm, 26-30 mm, 31-35 mm, 36-40 mm, and ≥41 mm and examined by category. All patients gave their written informed consent before EUS-FNA. The study was approved by the Institutional Review Board of our hospital.
The results are expressed as percentages. Continuous variables are presented as the mean, range, and standard deviation. Factors that affect the generation of a correct diagnosis were examined using the chi-square test or Fisher exact test, and univariate analysis of continuous variables was performed using the Mann-Whitney test. For variables with a p-value of ≤0.2 in the univariate analysis, multivariate analysis was performed using logistic regression analysis. A significant difference was detected when p<0.05.
RESULTS
The mean age of the subjects (50 males and 26 females) was 69.5±9.9 years (range, 39 to 86 years). The puncture route was transesophageal in two patients, transgastric in 47, transduodenal in 24, and transrectal in three. The target lesions were lymph node lesions in 15 patients, submucosal tumors in 19, pancreatic tumors in 34, and others in eight patients (adrenal tumors in three patients, liver tumors in two, lung tumor in one, and intra-abdominal masses in two). The mean lesion size was 30.9±16.4 mm (range, 15 to 80 mm). The final diagnoses of patients with lymph node lesions were malignant lymphoma in six patients, lymph node metastases in five, sarcoidosis in two, and reactive enlargement in two. For patients with submucosal tumors, the final diagnoses were gastrointestinal stromal tumor (GIST) in nine patients, leiomyoma in six, submucosal tumorlike gastric carcinoma in two, and diagnosis unknown in two. For patients with pancreatic tumors, the final diagnoses were adenocarcinoma in 26 patients, autoimmune pancreatitis in five, chronic pancreatitis in two, and malignant lymphoma in one. For patients with other conditions, the final diagnoses were adrenal malignant lymphoma in two patients, adrenal adenoma, hepatocellular carcinoma, intrahepatic cholangiocarcinoma, and lung squamous cell carcinoma in one each, and peritoneal metastases of cancer in other organs in two (Table 1 ). In addition, assessment of the final diagnosis was performed using surgical samples for six patients. For the remaining patients, assessment was based on their clinical progress after at least 6 months.
The puncture procedure was successful in all patients (76/76). The sample collection rate was 92.1% (70/76), and of these, histologic diagnosis could be obtained in 89.5% (68/76), whereas only cytologic assessment and diagnosis was performed for two patients. In the final diagnosis, pancreatic cancer was false negative for two patients; however, correct diagnosis was obtained for the remaining patients. Correct diagnosis, i.e., when histologic diagnosis and cytologic diagnosis were combined, was 89.5% (68/76). In the patients from whom samples could be collected, sensitivity, specificity, PPV, NPV, and accuracy were 96.3% (52/54), 100% (16/16), 100% (52/52), 88.9% (16/18), and 97.1% (68/70), respectively. With regard to complications, intraluminal bleeding was observed in two patients, and the rate of occurrence was 2.6% (2/76). However, it was mild and stopped naturally in both patients.
The mean number of needle passes required for diagnosis was 1.10±0.35 passes (range, 1 to 3 passes). The percentage of patients in whom diagnosis was possible after the first puncture was 81.6% (62/76), and the cumulative correct diagnosis was 88.2% (67/76) when added to the five patients for whom diagnosis was possible after the second puncture. One patient required a third puncture, which made the cumulative correct diagnosis 89.5% (68/76). There was no patient for whom diagnosis was obtained by the fourth puncture ( (Table 3 ).
In the examination by size of lesions (Table 4) , ≤20 mm was observed in 31 patients, 21-25 mm in eight, 26-30 mm in 13, 31-35 mm in six, 36-40 mm in five, and ≥41 mm in 13. The respective correct diagnoses were 77.4% (24/31), 100% (8/8), 100% (13/13), 83.3% (5/6), 100% (5/5), and 100% (13/13). Except for one patient, the lesion sizes of patients who could not be diagnosed were ≤20 mm. Therefore, we investigated the Data are presented as number (%) or mean±SD (range). number of needle passes required for diagnosis of lesions with a diameter of >20 and ≤20 mm (Table 5) . Slightly more passes (1.21±0.50; range, 1 to 3) were required for lesions with a diameter of ≤20 mm than for those with a diameter of >20 mm (1.05±0.21; range, 1 to 2); however, no significant difference was noted (p=0.09). In addition, the mean lesion size of the patients who could not be diagnosed was 21.0±4.8 mm, whereas it was 32.1±17.0 mm in those who could be diagnosed, showing that the lesion size of the patients who could not be diagnosed was significantly small (p=0.034). Based on these findings, size of lesions (≤20 mm), puncture needle size, puncture route, location of lesions, and number of passes were assessed as potential factors affecting correct diagnosis by univariate analysis, and size of lesions (≤20 mm) was identified as an independent factor (p=0.014). In addition, multivariate analysis was performed on puncture needle size (22-gauge) showing a p-value of ≤0.2 in the univariate analysis. Size of lesions (≤20 mm) was thus identified as an independent factor that affected correct diagnosis (p=0.040; odds ratio, 9.92; 95% confidence interval, 1.11 to 88.78) ( Table 6) .
DISCUSSION
In addition to its high diagnostic yield, EUS-FNA is safe and minimally invasive, and thus has been popularized rapidly. The procedure is currently being established as one of the standard diagnostic modalities for pancreatic tumors, gastrointestinal submucosal tumors, and lymph node lesions. However, most reports that have described its excellent performance to date are from high-volume centers, and a number of issues remain to be overcome for general hospitals to enjoy the same performance. In addition to technical factors, samples that can be obtained by EUS-FNA are particularly small, and thus, understanding of the pathology department is also an important element. In the diagnosis of an EUS-FNA sample, a close collaborative relationship between an endoscopist and a highly experienced cytopathologist is essential, particularly when rapid on-site cytological examination is performed. 6 However, there is a shortage of cy- Data are presented as number (%). topathologists in general hospitals, particularly in the provinces, and thus, facilities that can perform rapid on-site cytological examination are limited. Thus, a close collaboration to obtain a better understanding of the condition may be very difficult in actual clinical settings. To overcome these obstacles, collection of biopsy samples that can withstand histological diagnosis was attempted. 7 If tissue structures are preserved in a sample, the possibility of obtaining a more absolute diagnosis is high and immunostaining also becomes easy. Such a sample is useful particularly in the differentiation of benign diseases and diagnosis of lymphoma and submucosal tumors, which are often difficult to diagnose by cytologic diagnosis. The Quick-Core® needle (Cook Medical Inc.), which is a Trucut needle, was developed on the basis of the concept that intact, undamaged tissues could be collected. However, the needle is considerably strong and difficult to bend, making puncture procedures generally difficult. Moreover, puncture at the site of the scope angle is often problematic and therefore has not gained wide popularity. 7, 8 Considering these issues, the same manufacturer developed PN. PN is stainless and the stylet is made of nitinol, making it soft with improved operability. Moreover, the size of the Trucut needle was only 19-gauge, whereas PN is manufactured in three sizes: 19-, 22-, and 25-gauge, from which selections can be made depending on the site of the lesion and the puncture route. The major characteristic is the side hole close to the tip of the puncture needle called "Core Trap," which is based on "reverse bevel technology." When the needle is pulled by hand, the tissue is scraped thus facilitating its collection. To date, investigations on the usefulness of PN have reported several cases (Table 7) . [9] [10] [11] [12] [13] [14] In all reports, the success rate was 96.4% to 100% and the overall correct diagnoses were 75% to 96%, which are satisfactory results. Three SN-controlled randomized studies have been reported. 10, 13, 14 In the investigation involving pancreatic tumors conducted by Bang et al., 10 no significant differences were observed in the procedure success rate, diagnostic yield, and safety between the two puncture needles. However, Hucl et al. 13 found no significant differences in sensitivity, specificity, PPV, NPV, and accuracy but did find that the mean number of needle passes needed to obtain ample tissue was 2.5 times for SN and 1.2 times for PN, showing a significant difference (p<0.001). They reported that with PN, fewer punctures were required to reach a diagnosis and therefore was useful in shortening the puncture procedure time. Moreover, even in the investigation 11 that assessed the diagnostic yield of a single puncture, the reported correct diagnosis was 88.5%, which was a favorable result. Furthermore, in our investigation, correct diagnosis was 89.5%. Moreover, the mean number of needle passes that enabled diagnosis was 1.1, which was a similarly good result. The fact that diagnosis is possible with fewer punctures can be expected to not only shorten the puncture procedure time but also improve cost-effectiveness. In addition, the percentage of successful histologic diagnosis was reported to be 75% to 89.5%, 9-12,14 which was also satisfactory. In the present study, the samples that allowed histological examination could be obtained from all but two patients whose samples were assessed by cytologic diagnosis alone, and thus, histological diagnosis was possible in 89.5% of the samples. From these results and the characteristics of the puncture needle, the usefulness appear to be even higher in facilities where rapid on-site cytological examination is not available and the properties of a sample could not be judged with each puncture, such as ours in particular. With regard to puncture needle size, investigations of 19-gauge, 9 22-gauge, 10, 11, 13, 14 and 25-gauge 12 have been reported, but there has been no report on the comparison of the sizes of PN. Favorable results were reported for all puncture needle sizes. However, Iglesias-Garcia et al. 9 reported that with the 19-gauge needle, transduodenal puncture was slightly difficult, and the puncture procedure could not be completed in two cases. In this study, the procedure success rate for both 19-and 22-gauge needles was 100%. This is presumable because 22-gauge was selected from the beginning of the procedure when operability of the puncture needle was predicted to be poor in the EUS observation. Moreover, the diagnostic yield of the 19-and 22-gauge needles were compared in this study, but no significant differences in the sample collection rate, histologic diagnosis possibility rate, and correct diagnosis were observed. The safety of EUS-FNA has been established and the complication rate is low at approximately 1% to 2.5%. 15 In reports to date on PN, while Bang et al. 10 reported one case of mild acute pancreatitis, no other complications have been reported. In our study, there were two patients with intraluminal bleeding, but both cases were mild and improved conservatively. It seems that with the "reverse bevel technology". There is also a risk of injuring blood vessels when removing the puncture needle. However, in reports to date, the safety does not appear to be different from that of SN. In the present study, diagnostic yield significantly decreased in cases with lesion sizes of ≤20 mm. To date, the correlation between diagnostic yield and lesion size in PN has not been reported, although it has been investigated for SN. In EUS-FNA of lesions with a small size, an accurate procedure is generally required and the level of difficulty often increases. 16 In a report on pancreatic tumors, tumor sizes of ≤20 and ≥21 mm have been comparatively investigated, and the respective sensitivities were 75% and 94%, indicating a significant difference. 17 However, more recent reports often state high rates of correct diagnosis regardless of lesion size because of advancements in devices and establishment of technologies. When lesion sizes were classified into ≤20, 20-30, and ≥30 mm to compare sensitivity, the respective rates were reported as 86%, 81%, and 83%. 18 Even with sizes of ≤10 mm, the rate of correct diagnosis was reported to be 96%, which was very good, suggesting that even with small lesion sizes, the diagnostic yield did not change. 19 In the present study, technical factors could not be ruled out as a reason for the significant decrease in diagnostic yield when the lesion size was ≤20 mm. However, PN has a characteristic tip form of having a side hole, which also possibly contributed to the decrease. In this study, we made the effort to keep the side hole inside the lesion in order to take advantage of the characteristics of PN and to prevent contamination from the side hole. When the tip of PN was measured (Fig. 1) , the length from the tip to the proximal end of the side hole was 9 and 5.9 mm in the 19-and 22-gauge needles, respectively. With this unique structure, when the inside of the target lesion was stroked, the distance available for the strokes are shorter by at least 9 and 5.9 mm with the 19-and 22-gauge needles, respectively, compared with SN. Based on calculations, when a 19-gauge PN is used for a lesion with a size of 10 mm, the stroke inside the lesion can reach only 1 mm of the lesion. Although it is difficult to generalize because the lesion size varies with the margin and puncture surface, strokes will be certainly limited compared with SN. In particular, larger margins must be employed for submucosal tumors suspected of GIST, wherein there is a concern for tumor rupture if penetrated, and lesions behind and to which blood vessels are adjacent, and this tendency may become marked in these cases. However, even when the side hole is outside the lesion, it may be possible to make an adequate diagnosis with a sample collected from the end hole. If the effects of factors such as contamination are insignificant enough to be ignored, use of a long stroke length rather than keeping the side hole inside the lesion may lead to better diagnostic performance for small lesions.
The present study has some limitations. First of all, it is a single-center, retrospective case study. Secondly, the investigation was conducted on a single group, and SN was not employed as a control. Therefore, analysis of the correlation between size of lesions and diagnostic yield is limited to comparison with previous reports, and it is not possible to definitively conclude whether the decreased diagnostic yield for small lesion is unique to PN. There is a need to confirm the findings of the present study in a prospective, multicenter, SN-controlled, randomized study involving a large number of subjects.
In the present study, EUS-FNA using PN has been shown to be very safe and similar to SN. Its diagnostic yield has also been determined to be good. In most of the patients, diagnosis was possible using a single puncture. Except for two patients, histologic diagnosis was adequately conducted. In particular, the procedure was suggested to be highly useful in differentiating benign diseases, which are generally difficult to assess by cytologic diagnosis, and diagnosis of lymphoma and submucosal tumors, where immunostaining is often necessary. On the other hand, the diagnostic yield of EUS-FNA significantly decreased with lesion sizes of ≤20 mm. This is likely related to the presence of a side hole in the structure, and further investigation is necessary.
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